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(3) Semiconductor circuit device^ manufacturing method thereof, and method for forming wiring of the 
semiconductor circuit. 

(57) This invention discloses a semiconductor circuit device with improved characteristics and improved 
level of integration, and a manufacturing method for such device. The semiconductor circuit device is 
provided with a first wiring layer connected to a semiconductor substrate through a contact hole in an 
insulation film formed on a main surface of the semiconductor substrate, and a second wiring layer 
connected with the first wiring layer through a through-hole in an interlayer insulation film formed on 
the first wiring layer, wherein the first wiring is substantially flat on the contact hole and the area of the 
. through-hole is smaller than that of the contact hole. 
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BACKGROUND OF THE INVENTION 
, Field of the Invention 

5 This invention relates to a semiconductor circuit device such as a memory, a photoelectric converting 

device, a signal processing device or the like adapted for us in various electronic appliances, a manufacturing 
method therefor, and a wiring forming method for a semiconductor circuit, and more particularly to a multi-laye- 
red wiring structure thereof. 

10 Related Background Art 

In recent years, the efforts for higher level of integration are directed toward the realization of miniaturized 
functional devices, such as the development , of MOS transistor with a submicron gate length. 

For example.a MOS transistor of a gate length of 0.8 urn occupies an area of ca. 20 urn 2 , and is suitable 
• 15 for a high level of integration. 

However the conventional structure has been unable to provide sufficiently satisfactory characteristics 
even if the functional devices such as MOS transistors of bipolar transistors are sufficiently miniaturized to allow 
a high level of integration. This has been considered due to drawbacks in the process of forming fine functional 
devices, and the emphasis of developments has therefore been given to the improvements in the manufacturing 
20 process. / 

However, the detailed investigation of the device structure and the manufacturing process by the present 
inventors has revealed that a development in the wiring structure significantly improves the production yield, 
with improvement in the performance. 

More specifically, the conventional structure explained in the following has been associated with drawbacks 
25 that, in the multi-layered wiring structure, the area occupied by the aluminum wirings of the second and third 
layers and by the through-holes in the first and second layers increases to hinder the higher integration of the 
fine device elements and also hinder the decrease of the parasite capacitances which lead to delays in signals. 

Fig. 18 is a schematic cross-sectional view of a multi-layered wiring structure in such conventional semi- 
conductor circuit device. In a two-layered wiring structure, there are required through-holes of only one kind in 
» order to connect the wirings of the first (lower) layer with those of the second (upper) layer, but, in a wiring struc- 
ture involving three or more layers, there are also required through-holes of another kind in order to connect 
the wirings of the second and third (uppermost) layer. 

Such multi-layered wiring structure also poses a problem that the step in the intertayer insulation film 
becomes larger in the upper layer side. Such step becomes even larger if, as shown in Fig. 18A, a step h2 of 
35 the lower layer side, formed by an insulation film 1 and a wiring 2, overlaps with another step hi of the upper 
layer side, formed by another insulation film 3 and a wiring 4. Consequently it has been difficult to reduce the 
. step height in the upper layer. The insulation film provided to cover such increased step inevitably has a larger 
thickness in such stepped portion (step hi) than in the flat portion. If a through-hole 5 is formed in the insulation 
film of an increased thickness with an ordinary photoresist mask 6, the etching proceeds in the lateral direction 
40 of the insulation film 3 but the bottom aperture area S2 of the through-hole 5 becomes smaller than the area 
S1 of the photoresist mask (for example S1 = 5x5 urn 2 ; S2 = 3 x 3 urn 2 ), so that the through-hole 5 becomes 
rnore difficult to open as the insulation film becomes thicker. In the conventional semiconductor device with 
multi-layered wirings, this problem has been avoided by designing the through-holes connecting the wirings of 
: (n+1)-th and (n+2)-th layers larger than those connecting the wirings of n-th and (n+1)-th layers. In this manner 
45 the through-holes 5 can be formed with a suitable size between the wirings, so that the troubles in connection 
resulting from the step or the increased film thickness can be prevented. 

In Fig. 18B there are shown a semiconductor substrate 7, an insulation film 8, an Ai wiring 9 of the first 
layer,. a first intedayer insulation film 10, a first through-hole 11, an AI wiring 12 of the second layer, a second 
/ intertayer insulation film 13, a second through-hole 14. and an AJ wiring 15 of the third layer. 
50 In the illustrated structure it will be understood that the size f\ of the contact hole CH is exceeded by the 

size £ 2 of tne frs* through-hole 11, which is in turn exceeded by that f 3 of the second through-hole 14. Such 
„■ structure is for example disclosed in the Japanese Laid-open Patent Sho 59-1 1 7236. 

Fig. 19 is a schematic view showing a wiring forming method for obtaining another multi-layered wiring 
structure in the conventional semiconductor circuit device. 
55 - , In Fig. 19 there are shown, as an example;- the wirings connected to a MOS transistor. 

On the top surface side of a semiconductor substrate 16 there are formed source and drain areas 1 7, arid 
a gat electrode 19 is formed across a gate insulation film 18 on a channel area between said source and dram. 
On such substrate 16, an insulation film 20 is formed for exarnple by a CVD process, and apertures (contact 
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holes) CH are formed by patterning, for electrical contact with said source and drain areas (Fig. 19A), Subse- 
quently aluminum is deposited for example by sputtering and patterned by wet etching into the form of desired 
wirings 21 (Fig. 19 B). 

Then the interlayer insulation film 22 is formed for example by a CVD process, and the through-hol TH is 
opened by patterning (Fig. 19C), Aluminum is then again deposited for example by sputtering and patterned 
by wet etching into the form of desired wirings 21, and the protective layer 23 is formed thereon (Fig. 19D). 

However, because of such multi-layered structure, the wirings impose a significant influence on th per- 
formance of the device, and such influence can no longer be avoided by mere selection of the form and material 
of the wirings in consideration of the problems in the manufacturing process, as in the convention technical 
concept; 

Particularly in a photoelectric converting device such as an area sensor, the aperture rate is an important 
parameter governing the device characteristics, so that a structure enabling to reduce the area of wirings in 
the light receiving part is desired. Also a flatter surface of the device is an essential condition for achi ving 
; miniaturization and improved functions, since otherwise: 

1. the diameter of the through-holes, and the width and thickness of the wirings have to be increased furth r 
as the layers are piled up in the multi-layered wiring structure; 

2. the uppermost protective layer may be cracked, thus leading to defects, if the device surface has a large 
step; and ; - 

3. if other films such as a color filter or an antireflective film are further superposed on the device surface, 
a fine patterning in such films becomes difficult of the device surface is not flat. 

Also the requirements for the wiring itself have become far stricter than before. For example, in highly inte- 
grated devices such as 4M or 16M DRAM in which the gate length is 0.8 ^im or shorter, the aspect ratio 
(depth/diameter) of the via hole in which aluminum or other metals have to be deposited is 1.0 or larger, and 
the diameter of such via hole is also as small as 1 .0 or less. Thus there is required an aluminum deposition 
technology for a via hole of a large aspect ratio. 

In the wirings formed by the procedure as shown in Fig. 19, a recessed RC is formed on the contact hole 
CH, and a recessed RT is formed on the through hole TH. 

However such recesses are undesirable because they lead to a significantly stepped structure. Such reces- 
ses will deteriorate the production yield in the multi-layered wiring structure, and also generate noises by the 
stray light, if applied to a photoelectric converting device. 

Also since the filling of apertures and the film deposition on the insulation layer are conducted at the same 
time, the conventional film forming method gives rise to formation a gap as indicated by S in Fig. 20, drastically 
deteriorating the production yield of the semiconductor devices. 

Furthermore the aluminum patterning with wet etching results in fluctuating profile of the wiring, due to side 
etching effect. 

SUMMARY OF THE INVENTION 

In consideration of the foregoing, an object of the present invention is to provide a semiconductor circuit 
device with a high performance and a high level of integration, and a method for producing the same. 

. Another object of the present invention is to provide a wiring forming method for a semiconductor circuit, 
capable of forming a second wiring layer, constituting a major part of the wiring, in self-aligning manner without 
the patterning operation by etching and with uniform profiles. 

Still another object of the present invention is to provide a wiring forming method for a semiconductor circuit 
capable of forming wiring with satisfactory film quality, thereby allowing to obtain a semiconductor device with 
little signals delays: 

The above-mentioned objects can be attained, according to the present invention, by a semiconductor cir- 
cuit device provided with a first wiring layer connected to a semiconductor substrate through contact holes for- 
med in an insulation film provided on a main surface of said semiconductor substrate and a second wiring layer 
connected to said first wiring layer through through-holes formed in an interlayer insulation layer provided on 
said first wiring layer, wherein said device is featured by a fact that said first wirings on said contact holes are 
substantially flat and that the area of each of said through-holes is smaller than that of each of said contact 
holes. ■*' ' -• • 

Also the present invention is to provide a semiconductor circuit device provided with a first wiring layer con- 
nected to a semiconductor substrate through contact holes formed in an insulation film provided on the main 
surface of said semiconductor substrate, a second wiring layer connected to said first wiring layer through first 
through-holes in a first interlayer insulation layer formed on said first wiring layer, and a third wiring layer con- 
nected to said second wiring layer through second through-holes in a second interlayer insulation layer formed 
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on said second wiring layer, wherein said device is featured by a fact that said first wirings on said contact holes 
are substantially flag, and that the area of each of said first through-holes is small r than that of each of said 
contact holes. ' 

Furthermore the present invention is to provide a semiconductor circuit device provided with a first wiring 

5 lay r connect d to a semiconductor substrate through contact holes in an insulation film formed on the main 
surface of said semiconductor substrate and a second wiring layer connected to said first wiring layer through 
through-holes in an interlayer insulation layer formed on said first wiring layer, wherein said device is featured 
by a fact that said first wirings on said contact holes are substantially flat 

Furthermore the present invention is'to provide a method for producing a semiconductor circuit device pro- 

10 vided with a first wiring layer connected to a semiconductor substrate through contact holes in an insulation 
film formed on the main surface of said semiconductor substrate and a second wiring layer connected to said 
first wiring layer through through-holes in an interlayer insulation layer formed on said first wiring layer, com- 
prising steps of forming said contact holes in said insulation film, selectively depositing a conductive material 
in said contact holes, and depositing a conductive material on said contact holes and on said insulation film, 

is followed by patterning, thereby forming said first wiring layer. 

Furthermore the present invention is to provide a method for forming a wiring connected through an aper- 
ture formed in an insulation layer to an underlying surface of a substrate in a semiconductor circuit comprising 
a first step far selectively depositing a first conductive material in said aperture, a second step for forming a 
first wiring consisting of a second conductive material on said insulation layer and on said first conductive ma- 

20 terial, and a third step for forming a second wiring by depositing a third conductive material selectively on said 
first wiring. 

The present invention allows to sufficiently reduce the parasite capacitance, by selecting the area of the 
first through-hole smaller than that of the contact hole. Also It can significantly reduce the plan area occupied 
by the through-holes and the second wirings, thereby reducing the chip area and achieving a reduction in cost. 
25 Also the present invention can provide uniform cross-sectional profile of the wiring, as a layer constituting 

a major part of the wirings can be formed in self-aligning mariner, without patterning by etching. 

Furthermore the present invention can provide wirings with improved migration resistance and durability, 
since a material providing wirings of satisfactory quality can be deposited with satisfactory selectivity. 

Furthermore the present invention can provide wirings with improved flatness and lowered contact resist- 
30 ance, thereby improving the step coverage and durability of the insulation film to be provided thereon and reduc- 
: ing the delays in the signals. 

BRIEF DESCRIPTION OF THE DRAWINGS . 

35 Fig. 1 is a schematic view of a metal film forming apparatus adapted. for use in the present invention; 

Figs. 2A to 2D are schematic views for explaining the metal film forming method- 
Fig. 3 is a schematic view of an example of a metal film forming apparatus; 

Figs. 4 to 6 ifiustrate an example of a continuous metal film forming apparatus adapted for use in the present 
invention, wherein: 

40 Fig. 4 is a schematic view of the apparatus arranged in the order of process steps; 

Fig. 5 is a schematic plan view of the apparatus; 

Fig. 6 is a schematic plan view in which the sequence of movement of a substrate is indicated by arrow- 
Fig. 7 is a schematic view of another example of the continuous metal film forming apparatus adapted for 
use in the present invention; 
45 Figs. 8A to 8D are schematic views showing the mode of selective aluminum deposition; 

Fig. 9 is a schematic view of a CVD apparatus adapted for use in the present invention; 
Figs. 10Ato 10C are schematic cross-sectional views of multi-layered wiring structures of a semiconductor 
. circuit device; 

Fig. 11 is a circuit diagram of a part of the semiconductor integrated circuit to which the present invention 
so is advantageously applicable; 

Fig. 12 is a schematic plan view of the inverter circuit shown in Fig. 11; 
Fig. 13 is a schematic cross-sectional view along a line A-A' in Fig. 12; 

Figs. 14A to 14D are schematic cross-sectional views showing the manufacturing process of the embodi- 
. ment shown in Fig. 13; : 

55 Figs. 15A to 150 ar schematic cross-sectional views showing the manufacturing process of the embodi- 

ment shown in Fig. 13; 

Figs. 16A to 16E are schematic cross-sectional views showing a wiring forming method constituting a sec- 
ond embodiment of the present invention; 
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Fig. 17 is a schematic view of a film forming- apparatus adapted for use in a wiring forming method con* 
stituting a fourth embodiment of the present inv ntion; 

Figs. 18A and 18B are schematic cross-sectional views of a conventional semiconductor circuit device; 
Figs. 19A to 190 are schematic cross-sectional views showing a conventional wiring forming method; and 
5 Fig. 20 is a schematic cross-sectional view showing a conventional wiring structure. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Prior to the detailed description of the present invention, there will be explained the film forming method 
10 . (AI-CVD method) for forming a metal film principally composed of aluminum (including a pure aluminum film) 
adapted for use in the present invention. 

This method is suitable for filling a fine and deep aperture, such as a contact hole or a through hole, for 
example with an aspect ratio of unity or larger with a metallic material, and is capable of highly selective dep- 
osition. ~ 

' is The metal film formed by this method shows extremely excellent crystalline property, enough for generating 

monbcrystalline aluminum, arid is substantially free from carbon. 

Said method consists of forming a deposition film by surface reaction on an electron donating substrate, 
utilizing alkylaiuminum hydride gas and hydrogen gas. An aluminum film of satisfactory quality can be deposited 
by heating the surface of the substrate in the presence of a gaseous mixture particularly consisting of alkylalumi- 
20 num hydride including methyl radicals such as monomethylaluminum hydride (MMAH) or dimethylaluminum 
hydride (DMAH) as the raw material gas and hydrogen gas as the reaction gas. 

This CVD method, if applied to a substrate having both an electron donating surface area and an electron 
non-donating surface area, allows to form single crystal of alluminum with satisfactory selectivity solely on the 
electron donating surface area. 
25 The electron donating material means a material in which free electrons are present or intentionally gen- 

erated and which has a surface capable of accelerating a chemical reaction by electron transfer with the 
molecules of raw material gas deposited onto said surface, in general metals and sem iconductive materials 
' fall into this category.' Also metals arid semiconductors having a thin oxide ' film on the surface belong to the 
electron donating materials of the present invention, since a chemical reaction can take place by electron trans- 
30 fer between the substrate and the deposited molecules of the taw material. 

Examples of such electron donating material include lll-V compound semiconductors of two-, three- or mul- 
tiple-element system obtained by combining element(s) of the group HI such as Ga. In, Al etc, and elem nt(s) 
of the group V such as P, As, N etc.; P, I and N-type semiconductors such as monocrystallrne silicon and 
amorphous silicon; and metals, alloys and silicides such astungsten, molybdenum! tantalum, copper, titanium. 
* 35 aluminum, titanium-aluminum, titanium nitride, aluminum-silicon-copper, aluminum-palladium, tungsten siii- 
cide, titanium silicide, aluminum siiicide, molybdenum silicide and tantalum silicide. 

On the other hand, examples of the electron non-donating material constituting a surface not causing selec- 
tion deposition of Al or Al-Si include silicon oxide formed by thermal oxidation or CVD, glasses, oxide films and 
thermal nitride films such as BSG. PSG and BPSG; and silicon nitride formed by plasma CVD. low pressure 
40 CVD or ECR-CVD. 

The above-explained AI-CVD method can also selectively deposit following metals films principally com- . 
posed of aluminum and containing modifying atoms, with excellent film quality. 

For example, the electrode may be formed by selective deposition of various conductive materials such 
as Al-Si, Al-Ti, AJ-Cu, Al-Si-Ti or Al-Si-Cu by the use of a mixed gaseous atmosphere employing, in addition. 
45 to alkylaiuminum hydride gas and hydrogen, a suitable combination of: 

; Si-containing gas such as SiH 4 ,' Si 2 H a , Si 3 H 8 , Si(CH 3 ) 4 . SiCI 4( SiH 2 CI 2 or SiHCI 3 ; 
Ti-containing gas such as TiCI 4 . TiBr 4 or Ti(CH 3 ) 4 ; and/or 

Cu-containing gas such as copper bisacetylacetonate Cu(C 5 H 7 0 2 ) 2 . copper bisdipivaloymethanite 
Cu(C 1t H 19 0 2 ) 2 or copper bishexafluoroacetylacetonate Cu(C 5 HF«0 2 ) 2 - 
so Also since said AI-CVD method is excellent in selectivity and provides satisfactory surface characteristics 

on the deposited film, there can be obtained a metal film suitable and widely usable for the wirings of a semi- 
V conductor device, by employing a non-selective film forming method in a next deposition step to form a metal 
film composed solely or principally of aluminum not only on the selectively deposited aluminum film mentioned ' 
above but also on the Si0 2 insulation film. This method will be explained later as a preferred embodiment of 
55 the present invention. 

, Examples of such metal films include combinations of selectively deposited Al. Al-Si, Al-Ti. Al-Cu, AJ-Si-Ti 
or Al-Si-Cu and non-seJectively'deposited Al, Al-Si. Al-Ti. Al-Cu, Al-Si-Ti or Al-Si-Cu. Said non-selectiv film 
' deposition may be achieved by CVD other the aforementioned AI-CVD, or by sputtering. Also the non-selec- 



EP 0 459 772 A2 



lively deposited metal film may be principally composed of Cu, W. Mo etc. . 

Description of metal film forming apparatus (1) 

. 5 As an example of the film forming apparatus adapted for use in the present invention, there will at first be 

explained an apparatus employing direct heating with lamps. 
' Fig. 1 illustrates a metal film forming apparatus adapted for use in the present invention. 
Heating means 100 is provided a plurality of sets of halogen lamps 102 and mirrors 103 on the top side 
and bottom side of a substrate 1 09, and can arbitrarily set the surface temperature of the substrate by controlling 
io- the current to said lamp by means of a controller 120 connected to an unrepresented power source. 

the substrate 109, on which the metal film is to be formed, is placed on a substrate holder 110, positioned 
in a transparent and insulating reaction chamber 1 01 composed for example of fused quartz. A gas supply sys- 
tem indudes a mixer 104, a bubbler 105, gas supply lines consisting of a first gas line 111 for bubbling hydrogen 
gas, leading to said mixer 104 through said bubbler 105 containing DMAH therein and a second gas line 1 1 1A 
15 for introducing hydrogen into the mixer 104, and a gas introduction line 112 for introducing the mixture of DMAH 
gas and hydrogen gas into the reaction chamber 101 through a gas inlet 106. An additional gas line 1 15 is pro- 
vided for introducing another gas. An exhaust system 1 07 includes a pump, and an exhaust line 1 13 communi- 
,- eating with a gas outlet 108. A sealing ring 121 is provided for hermetic sealing. 

The above-explained film forming apparatus is capable of stabilizing the surface of the substrate at a des- 
20 ired temperature by heating within 5 seconds, and is capable of providing a throughput as high as 15 to 30 
5"-wafers per hour. ' 

The direct heating means is composed of suitable light sources such as halogen lamps or xenon lamps. 

Said direct heating means heats the substrate surface by direct conversion of the energy from said means 
into heat in contrast to heating by heat transmission, in which, as in resistance heating, the substrate surface 
25 is heated by the heat transmitted from a stage supporting said substrate to the bottom surface thereof and then 
to the top surface thereof. It is to be noted that this operation mode is different from the photo-CVD method 
utilizing ultraviolet light and involving photoexcitation. 

Description of metal film forming method (1) 

30 ■ t ' . / ' :■ . 

In the following there will be given a detailed explanation on the metal film forming method adapted for use 
in the present invention, with reference to Fig, 2. 

At first there is prepared a substrate for deposition, composed of a semiconductive or conductive substrate 
1 with an electron donating surface, bearing thereon an insulation film 2 with apertures VH1, VH2 of different 
35 sizes. The surface of said insulation film 2 constitutes an electron non-donating surface (Fig. 2A). 

Then a metal film principally composed of aluminum is deposited by a CVD method utilizing alkylaluminum 
hydride and hydrogen. For this purpose, the substrate is placed in the reaction chamber 101. Said chamber is 
then evacuated and a gaseous mixture of alkylaluminum hydride and hydrogen is introduced therein. With the 
substrate surface temperature maintained within a range of 260° - 440°C, preferably 270° - 440°C with the 
40 lamps, aluminum is selectively deposited in the apertures. Based on the deposition speed experimentally deter- 
mined in advance, aluminum is deposited to a level substantially equal to the surface of the insulation film (Fig. 
'. ■ 28). ;. ' . . . • 

Then aluminum is deposjted over the entire surface, for forming the wirings for the semiconductor device. 
* For this purpose, the substrate is taken out from the reaction chamber shown in Fig. 1, placed in the reaction 
45 chamber of another film depositing apparatus and is subjected to aluminum deposition by a known sputtering 
,;; or CVD method (Fig. 2G). _ . V . 

The mechanism of aluminum deposition is presently understood in the following manner. 
Fig. 8A shows the electron donating substrate, involving electrons, with hydrogen atoms absorbed thereon. 
If a DMAH molecule approaches to the substrate with the methyl radicals positioned closer thereto, the electron 
50 of the substrate causes cleavage of the bond between aluminum atom and a methyl radical (Fig. 8B and 8G) 
according to a reaction equation: 

(OtyjAJH + 2H + 2e 2CH 4 t + AL-H . . 

This reaction proceeds further by the hydrogen atoms remaining oh the deposited aluminum, including free 
el ctrons therein Fig. 80). If the hydrogen atoms become deficient, th hydrogen molecules in the reaction gas 
55 are d composed on the substrate to replenish the hydrogen atoms. On the other hand, oh an electron non^ 
donating surface which lacks electrons, the above-explained reaction does not proceed so that the aluminum 
deposition does not take place. . • > 

In order to obtain a high deposition speed, therefore, it is important to accelerate a dissociation-absorption. 
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reaction which decomposes the hydrogen molecules into hydrogen atoms and causes absorption of said atoms 
onto the electron donating surface. The direct heating performs this roie and accelerates the selective deposh 
tion. 

A comparison was made between an Al film formed with DMAH as alkylaluminum hydride and H 2 in the 
5 apparatus shown in Fig. 3, employing direct heating with lamps, and a similar AJ film formed by heating the 
substrate to 260°C with resistance heating. 

The AJ film obtained by resistance heating was free from carbon content and showed satisfactory resistivity, 
but the maximum film deposition speed could not exceed 800 A/min. A higher substrate temperature was tried 
to increase the deposition speed, but resulted in drawbacks such as deterioration of surface morphology, dec- 
10 rease in resistivity and loss of selectivity. Thus the present inventors have found that a mere increase in the 
substrate temperature result^ in insufficient reproducibility. . 

Also an increased DMAH flow rate was tried by the present inventors to increase the deposition sp ed, 
but it resulted in deterioration in surface morphology, indicating insufficient reproducibility. 

On the other hand, the pyre aluminum deposited in the apertures by the above-explained method of th 
15 present invention has a monocrystalline structure, with: s- 
(1) low frequency of hillock formation; and 
. (2) low frequency of alloy spike formation. 
Also for the purpose of comparison with the direct heating with lamps etc.. as in the above-explain d case 
of pure aluminum deposition, the present inventors formed an Al-Si film by heating the substrate at 260°C by 
20 resistance heating, and employing DMAH as alkylaluminum hydride, silicon-containing gas and hydrogen gas. 

The obtained Al-Si film was free from carbon and showed satisfactory resistivity, but the maximum film dep- 
osition speed could not exceed 800 A/min. An increased substrate temperature, was tried to increase the dep- 
osition speed, but resulted in drawbacks such as deterioration of surface morphology, decrease in resistivity 
and loss of selectivity. On the other hand, the AJ-Si film deposited in the apertures by the direct heating method 
25 showed a satisfactory crystalline structure, with a low frequency of hillock formation and of alloy spike formation. 

As the above-explained method achieves deposition with excellent selectivity, there can be obtain d a 
metal film adapted for use as the wirings of a semiconductor device, by employing a non-selective deposition 
method as the next deposition step, thereby forming a metai film principally composed of Ai-Si not only on the 
selectively deposited Al-Si film but also on the Si0 2 insulation film. 
30 In this case the silicon-containing gas is introduced to the mixer 104 through the third gas line 115. 

The above-explained film forming apparatus can stabilize the substrate surface at a desired temperature 
by heating within 5 seconds, as in the case of pure aluminum deposition, and can achieve a throughput of 15 
to 30 5-inch wafers per hour. 

In the following there will be explained another embodiment utilizing a metal film forming apparatus with 
35 multiple chambers, wherein the substrate'is at first subjected, in a first film forming chamber, to selectiv dep- 
osition of a metal film principally composed of aluminum by a CVD method utilizing alkylaluminum hydride and 
hydrogen, and is then transferred to a second film forming chamber, without exposure to the external atmos- 
phere, for metal film formation over the entire surface of the substrate. ' , 

40 Description of metal film forming apparatus (2) 

In the following described is an apparatus with multiple chambers, as another example of the metal film 
forming apparatus adapted for use in the present invention. 
'. Figs. 4 to 6 illustrate a continuous metal film forming apparatus adapted for use in the present invention. 
45 As shown in Fig. 4, said apparatus is composed of a load lock chamber 11, a CVD reaction chamber (first 

film forming chamber) 12, an Rf etching chamber 13, a sputtering chamber (second film forming chamber) 14 
and a load lock chamber 15, which are rendered sealabie from the external, atmosphere and mutually conrv 
municatable by means of gate valves 10 and can be respectively made vacuum or reduced in pressure by 
vacuum systems 16a - 1 Be. The load lock chamber 1 1 is provided for eliminating the atmosphere of the sub- 
^ 50 strate and replacing it with H 2 prior to the deposition, in order to improve the throughput. The next CVD reaction 
chamber 12, for selective deposition onto the substrate under normal or reduced pressure; is provided therein 
with a substrat holder 18 having a resistance heater 17 (for heating to 200 - 430°C) and is also provided with 
a CVD gas supply line 19 for introduction of the CVD gas. The RF etching chember 13, for cleaning (etching) 
of the substrate surface in Ar atmosphere after the selective deposition, is provided therein with a substrate 
55 hold r 20 to be h atable to 100° - 250°C and an Rf etching electrode line 21, and is further provided with an 
Ar gas supply line 22. The next sputtering chamber 14, for non-selective deposition of a metal film onto the 
substrate by sputtering in Ar atmosphere, is provided therein with a substrate holder 23 to be heated to 200° 
- 250°C and a target electrode 24 for mounting a sputter target 24a, and is further provided with an Ar gas supply 
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line 25. The final load lock chamber 15, for adjustment of the substrate after metal film deposition prior to the 
exposure to the external atmosphere, is designed to be capable of replacing atmosphere with N 2 . 

The above-explained continuous metal film forming apparatus is illustrated in Fig. 4 in an extended form 
following the process steps, but in practice it is constructed in a structure shown in Fig. 5, in which the load 
lock chamber 1 1 , CVD reaction chamber 1 2, Rf etching chamber 13, sputtering chamber 1 4 and load lock cham- 
ber 15 are mutually connected and relayed by a transport chamber 26. In this structure, the load lock chamber 
11 also serves as the chamber 15. In said transport chamber 26 sealed from the external atmosphere, there 
is provided ah arm (transport means) 27 which is rota table in both directions A-A and is extendable and ret- 
ractable in directions B-B, whereby the substrate can be transferred in succession from the load lock chamber 
11 to the CVD reaction chamber 12, Rf etching chamber 13. sputtering chamber 14. and finally to the load lock 
chamber 15 by means of said arm 27, without exposure to the external atmosphere, as indicated by arrows in 
Fig. 6. 

Fig. 7 shows another example of the continuous metal film forming apparatus, wherein same components 
as those in Fig. 4 are represented by same numbers. The apparatus shown in Fig. 7 is different from that in. 
Fig. 4 in that the substrate surface is directly heated by halogen lamps 30, and such direct heating brings about 
an increase in the deposition speed. For the purpose of such direct heating, the substrate holder 12 is provid d 
with projections 31 for supporting the substrate in a floating state. 

Among the heating methods applicable to the above-explained deposition method, the direct heating (sub- 
strate being heated by direction transmission of energy from heating means to said substrate) may be achieved 
by heating with lamps such as halogen lamps or xenon lamps. Also resistance heating may be achieved by a 
heat generating member provided in a substrate support member, provided in a film depositing space, for sup- 
porting the substrate to be subjected to film deposition. 

The apparatus shown in Figs. 4 to 7 may also be utilized for the deposition of an aluminum film containing 
modifying atoms. In such case, there will be provided a gas supply line for introducing a gas other than the 
organic aluminum compound gas. 

In the following there will be explained, with reference to Fig. 9, the gas supply system advantageously 
employable for the above-explained metal film forming apparatus. 

The gas supply line 31 2 to the reaction chamber 301 is connected to the mixer 304, which in turn is provided 
with a hydrogen gas supply line 311 connected to a cooler 320, and a raw material gas supply line 312 con- 
nected to a bubbler 305. Said bubbler is connected, through a carrier gas supply line 31 3 for bubbling the liquid 
raw material, to said coller 320. 

At the upstream side there is connected, through a line 327, a hydrogen purifier 321. 

The interior, of said hydrogen purifier 321 is divided, by a palladium membrane, into a purifying cylinder 
and a primary chamber, and a raw material hydrogen' supply line 326 is connected to said primary chamber 
outside the palladium membrane. Said primary chamber is also provided with a gas exhaust line 326, for dis- 
charging a part of the raw material hydrogen. A heating coil 331 is provided. 

A pre-heating chamber 323 effects preliminary heating of raw material hydrogen by means of a heating 
coil 332. - 

The CVD apparatus is integrally composed of the above-explained gas supply system, the vacuum system 
307 and the reaction chamber. . *■ 

A preferred structure includes the hydrogen purifier 321 incorporated in the main body of the CVD apparatus 
in such a manner that the length of the piping frorn the purifying cylinder 330 to the CVD reaction chamber 312 
does not exceed 1.5 m. 

Naturally the number of junctions and valves in the pipings is maintained necessary minimum. 

The above-explained CVD apparatus is installed in a clean room while a bomb 324 containing the raw ma- 
terial hydrogen is placed outside, and both are connecting by a gas line 325. The pipings are made of elec- 
trolytically polished stainless steel. s 

The gas supply is conducted in the following manner. The hydrogen, supplied from the bomb 324 through 
the line 325 in excess of io meters, is heated to about 400°C in the pre-heating chamber 325, and is purified 
by the palladium membrane heat to about 420°C. Thus the purifying cylinder 330 contains hydrogen with a purity 
of 99.99995% or higher, while the primary chamber contains hydrogen with a higher impurity concentration. A 
suitable amount of hydrogen is discharged to the exterior through the discharge line 326, in order that the 
impurity concentration does not become excessively high. 

The purifi d hydrogen is cooled by the cooler 320, and is partly supplied directly to the mixer 304 and also 
partly supplied, as the bubbling hydrogen gas, to the bubbler 305. 
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Description of metal film forming method (2) 

In the following th re will be given a detailed explanation on another embodiment of the metal film forming 
method of the pr sent invention, with r fer nee to Figs. 2 and 4. 

At first a substrate, explained in the foregoing description (1) and shown in Fig. 2A, is placed in the CVD 
reaction chamber 12 shown in Fig. 4, and alkylaluminum hydride gas and hydrogen gas are introduc d from 
the gas supply line 19. 

With the substrate maintained at a temperature range of 260° - 440°C. preferably 270° - 440°C. aluminum 
is selectively deposited in the apertures (Fig. 2B). 

The substrate bearing the selectively deposited aluminum thereon is transferred, while being separated 
: from the external atmosphere, tb the etching chamber 13 shown in Fig. 4, for brief surface etching, and then 
is transferred again to the reaction chamber 14, in a similar state, for the deposition of a metal film over the 
entire surface fo/example by sputtering (Fig. 2C). 

The aluminum deposited in the apertures by the above-explained method shows a monocrystalline struc- 
ture, with: . 

(1) low frequency of hillock formation; and . 

(2) low frequency of alloy spike formation. 

As the above-explained method shows excellent selectivity, there can be obtained a metal film suitable for the 
wirings of a semiconductor device, by employing a non-selective deposition method in the next process step, 
. thereby forming a metal film principally composed of aluminum not only on said selectively deposited.aluminum 
film but also on the insulation film composed for example of Si0 2 . 

A similarly excellent crystalline structure can be obtained also with Al-Si film. It is therefore possible to 
obtain a metal film suitable for the wirings of a semiconductor device, by employing a non-selective deposition 
method as the next process step, thereby forming a metal film composed solely or principally of aluminum not 
only on said selectively deposited Al-Si film but also on the insulation Si0 2 Him. 

As explained in the foregoing, the present invention improves the interface characteristics between the 
aluminum in the apertures and that on the insulation film, thereby providing a metal film for wirings with suffi- 
ciently low contact resistance. 

In the following there will be explained preferred embodiments of the present invention. 

Fig. 10A illustrates a multi-layered wiring structure of the present invention, in a schematic cross^sectional 
view. • . 

On a semiconductor substrate 101 there is provided an insulation film 201 with a contact hole CM. A first 
wiring layer 103 is provided on said insulation film 201 and is in contact with the semiconductor substrate 101 
through a conductor 102 in said contact hole. The first wiring layer 103 is overlaid by a first interiayer insulation 
film 202, and is in contact with a second wiring layer 105 provided thereon, through a conductoM04 in a first 
through-hole TH1. Further provided thereon is a second interiayer insulation film 203, and a third wiring layer 
107 provided thereon is in contact with the second wiring layer 105 through a conductor 106 in a second 
through^hole TH2 formed in said second interiayer insulation film 203 arid is finally covered by a protective film 
204. . . 

The sizes of said contact hole CH, first through-hole TH1 and second through-hole TH2 satisfy a relation- 
ship CH > TH1 > TH2. Such smaller-sized apertures in the upper layers reduce the area occupied by contact- 
portions, thereby enabling a higher density of wirings and increasing the freedom in the shapes of the wirings. 

Fig. 10B shows another example of the present invention^wherein the sizes of the contact hole CH, first 
through-hole TH1 and second through-hole TH2 satisfy the following relationship: 

CH > TH1 S TH2 
and CH and TH2 preferably satisfy a relationship CH ^ TH2. 

Fig. 10C shows still another example of the present invention, wherein the contact hole CH, first through- 
hole TH1 and second through-hole TH2 are positioned substantially along a straight line, and satisfy a size 
relationship: 

CH > TH1 s' TH2 

and an additional relationship CH ^ TH2 is preferred. As shown in this example, positioning of CH, TH.1 and 
TH2 along a substantially straight line further increases the design freedom in comparison with other examples, 
and allows to place the transistors with a higher packing density. 

The contact hole, designed with a contact resistance in a practical range for a high level of integration, pref- 
erably has a size of 0.6 - 0.8 urn 2 and an aspect ratio of 0.8 - 1.4. 

Also the first through-hole preferably has a size of 0.4 - 0.6 um 2 while satisfying the above-explained rela- 
tionship, and an aspect ratio of. 1.0 - 2.5. Also the second throughrhole preferably has a size of 0.5 * 0.7 ^m 2 
and an aspect ratio of 1.0 ? 2.5. 
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In the examples shown in Figs. 10A and 10B, the contact hole and/or the first and/or second through-hole 
is filled by selective deposition, and the first to third wiring layers are thereafter formed by non-selective dep- 
osition of a conductive material. 

Consequently the surface above the contact hole or through-hole is free from irregularities or steps as in 
5 the conventional art, so that each wiring lay r has a flat top surface and the production yield is not deteriorated 
by the above-explained size relationship of the contact hoi and/or the through-holes. 

Each of the components constituting the above-explained semiconductor circuit device is composed of the 
material explained in the following. 

The semiconductor substrate 101 is provided with semiconductive areas, formed for example by ion implan- 
10 tatibn or thermal diffusion, constituting various devices such as MOS transistor, bipolar transistor accumulating 
capacitor, diffusion resistor etc. 

The insulation film 201 can be composed of a Si0 2 ,fiirii or a silicon nitride film formed by thermal oxidation. 
The first and second interiayer insulation films 202, 203 can be composed, of an inorganic material/ for 
example a silicon oxide film formed by thermal oxidation, CVD or sputtering, a film of PSG, BSG or BPSG, a 
is silicon nitride film or a silicon nitride oxide film formed by thermal nitrogenation or sputtering, or an organic insu- 
lation film such as SOG or polyimide. The protective layer 204 can be composed of a similar material. These 
films can be made even flatter by etch back. 

The wirings can be composed of Al, Cu. Mo, W, Au, Ta, Pd, of a conductive material principally composed 
* of Al such as Ai-Si, Al-Si-Ti, AJ-Ti, Al-Si-Cu, AJ-Cu or Al-Pd, or a silicide of low resistance such as polycrystalfine 
20 silicon, monocrystalline silicon, WSi-TiSi 2 , TaSi 2 , or MoSi, Particularly preferred materials for the present inven- 
tion are AJ-containing materials, more preferably monocrystalline Si or conductive materials principally com- 
posed of Al such as Al-Si, Al-Cu etc. 

Each of said insulation films 201, 202. 203 and said ftrst. second and third wiring layers is composed of a 
single layer, but it may naturally be constituted by plural layers. 
25 . In the following there will be further given an explanation on the film depositing method for forming the wir- 
- ings of such Ataontairiing material. 
• This method is capable of filling the contact hole or the through-hole with a wiring material of satisfactory 
quality, with a flat surface,.so that the insulation film on such contact hole or through-hole scarcely shows sur- 
v face irregularity, in the multi-layered wiring structure. Consequently the surface irregularity or step, which 
30 increases with the formation of the contact hole or through-hole in the conventional technology, does not 
increase but remains very smallaccording to the present invention, so that the production yield is not deterior- 
ated by trie formation of such holes but is significantly improved in comparison with that in the prior art. 

[Example) \ 

. 35 ." , *' : • • *'• ... : - . 

In the following there will be shown experimental results indicating the superiority of the above-explained 
AJ-CVD method and the satisfactory quality of the Al film deposited by said method in the apertures. 

There were prepared plural substrates, each consisting of an N-type monocrystalline silicon wafer, pro^ 
. vided thereon with a thermally oxidized Si0 2 film of a thickness of 8000 A, in which apertures of different sizes 
40 from 0.25 x 0.25 u.m to 100 x 1 00 ^m were formed by patterning to expose the underlying monocrystaliine silicon 
(samples 1-1). . " 

These samples were subjected to the Al film formation by the AI-GVD method, employing DMAH as the 
raw material gas and hydrogen as the reaction gas, with a total pressure of 1.5 Torr and a DMAH partial pressure 
of 5.0 x 10- 3 Torr, and with the substrate surface temperatures selected in a range of 200° - 490°C by direct 
45 heating under the regulation of electric power supplied to the halogen lamps. The obtained results are sum- 
marized in Table 1. ( 
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As will be apparent from Table 1 , aluminum was deposited in the apertures with a deposition speed as high 
as 3000 - 5000 A/min. at the substrate surface temperature of 260°C or higher obtained by direct heating. 

The AJ film in the apertures, obtained in a substrate surface temperature range of 260° - 440°C, showed 
satisfactory characteristics, with no carbon content, a resistivity of 2.8 - 3.4 uXlcm, a reflectance of 90 - 95 %, 
5 a hiilock 1 urn) density of 0 - 10. and an almost zero spike formation (frequency of destruction of 0.15 u.m 
junction). 

On the other hand, though the film quality obtained in a surface temperature range of 200° - 250°C was 
somewhat inferior to that obtained in the temperature range of 260° - 440°C, it is considerably better than that 
obtainable with the conventional technology, but the deposition speed could not exceed 1000 - 1500 A/min^ 
10 and the through-put was in a relatively low range of 7 - 10 wafer/hr. 

At the substrate surface temperature equal to or higher than 450°C, the quality of the Ai film in the apertures 
were deteriorated, with a reflectance of 60 % or lower; a hillock (= 1 ^m) density of 10 - 1 0* cnr 2 and an alloy 
spike formation of 0 - 30 %. 

in the following there will be explained how the above-explained method can be advantageously applied 
15 to the apertures such as contact holes or through-holes. 

Said method can be advantageously applied to the contact holes or through-holes composed of the mate- . 
• .'> rials explained in the following. 

The Ai film formation was conducted on the following substrates (samples) under the same conditions as 
in the AI film formation on the above-mentioned samples 1-1. 
20 Samples 1-2 were prepared by forming, on monocrystalline silicon constituting a first substrate surface ma- / 

terial, a silicon oxide film constituting a second substrate surface material by means of CVD method, and form- 
ing apertures by a photolithographic process to locally expose the surface of monocrystalline silicon. The Si0 2 
' film was 8000 A thick, and the apertures were sized from 0.25 X 0.25 urn to 100 x 100 ^m. (Such sample will ' ; 

hereinafter be represented as "CVD Si0 2 (or simply Si0 2 )/m6hocrystalline silicon".) " ; 
25 There were also prepared a sample 1-3 of boron-doped oxide film formed by normal pressure CVD 

" (BSG)/monocrystalline silicon; a sample 1-4 of phosphor-doped oxide film formed by normal pressure CVD . 
(PSG)/mohocrystal!ine silicon; a sample 1 -5 of boron- and phosphor-doped oxide film formed by normal press- 
ure CVD (BSPG)/monocrystalline silicon; a sample 1-6 of nitride film formed by plasma CVD (P-SiN)/monoc- 
rystalline silicon; a sample 1-7 of thermal nitride film (T-SiN)/monocrystalline silicon; a sample 1-8 of nitride 
30 film formed by low pressure CVD (LP-SiN)/monocrystalline silicon; and a sample 1-9 of nitride film formed by . 
£CR(ECR-SiN)/monocrystalline silicon. - 

Further, samples 1-1 1 to 1-179 were prepared by taking all the combinations of the first surface materials 
of 18 kinds arid the second surface materials of 9 kinds shown in the following, (it is to be noted that the sample 
numbers 1-10,20, 30,40, 50, 60, 70, 80, 90, 100. 110, 120, 130, 140, 150, 160 and 170 are lacking.) The first : 
35 surface materials employed were monocrystalline silicon (mono-Si), polycrystalline silicon (poly-Si), amorph- 
ous silicon (a-Si), tungsten (W), molybdenum (Mo), tantalum (fa), tungsten silicide (WSi), titanium silicide 
(TiSi), aluminum (AI), aluminum silicon (Al-Si), titanium aluminum (Al-Ti), titanium nitride (Ti-N)„ copper (Cu), 
aluminum silicon copper (AJ-Si-Cu), aluminum palladium (Al-Pd), titanium (Ti), molybdenum silicide (Mo-Si), 
and tantalum silicide (Ta-Si). The second substrate surface materials employed were T-Si0 2 , Si0 2 . BSG. PSG. 
40 BPSG, P-SiN, T-SiN, IP-SiN and ECR-SiN. In all these samples, there could be obtained satisfactory AI films 
•". comparable to those in the aforementioned samples 1-1. 

Subsequently, the AJ was non-selectively deposited by sputtering on the substrates subjected to the selec- 
tive AI deposition as explained above, and was then patterned. 

The AI film obtained by sputtering and the selectively deposited AI film in the apertures showed electrically 
45 and mechanically satisfactory contact, because of the improved surface state of the AJ film in the apertures. 

Fig. 11 is a circuit diagram showing a part of an integrated semiconductor circuit, in which the present inveri- \ 
tion can be advantageously applied. 

More specifically, the present invention is applied to the filling, with metal wirings, of the contact hole and 
the first and second through-holes of the inverter circuit shown in Fig. 11. 
so Fig. 12 is a schematic plan view of the inverter circuit shown in Fig. 11, arid Fig. 13 is a schematic cross- 

sectional view along a line A-A' in Fig. 12. 

In the following the manufacturing process of a semiconductor circuit device shown in Figs. 14 and 15 will 
be explained. The deposition of the wiring layers will be only briefly explained as it is same as already explained 
before. 

55 At first a field oxide film 501 and an active area 502 were prepared by a conventional selective oxidation 

process. The active area contains a PMOS source-drain area 504 formed through a gate oxide film 503. and 
an NMOS source-drain area 506 in a P-3411 505. An ihtertayer insulation film 507 was deposited thereon for 
example by CVD (Fig. 14A). After the source^jrain areas 504, 506 were exposed by forming contact holes 508 
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with a conventional photolithographic process in the interiayer insulation film 507 and the gate oxide film 503. 
Al films 509 were deposited in said contact holes 508 by the above-explained AI-CVD method, with a substrate 
temp rature of 270°C, a DMAH partial pressure of 4 x 10- 3 Torr and a total pressure of 1.2 Torr. 

Th deposition was terminated when the contact holes 508 were completely filled. The interiayer insulation 
. 5 film 507 and the Al films 509 deposited in the contact holes constitut d a substantially flat su ace (Fig. 14B). 

Then Al-Cu (1.5%) was deposited over the entire substrate by sputtering as explained beforehand was . 
selectively removed by a conventional photolithographic process to complete a first Al wiring layer 510 (Fig. 
■ 14C). 

Subsequently SiON was deposited with a thickness of 4000 A on the substrate surface by a plasma C VD 
10 apparatus, then SOG (spin-on glass) was applied by spin coating, and was baked at 420°C. After the SOG in 
the flat areas was removed, PSG was deposited with a thickness of 3000 A by a normal pressure CVD method, 
thereby forming a second interiayer insulation film ,511. Subsequently a first through-hole 512 was open d by 
the. above-explained method (Fig. 14D). 

An Al film 513 was formed in the first through-hole 512 under the same conditions as those in the aforem n- 
\- - is tioned AI-CVD method (Fig. 15A). 

Then a second wiring layer 514 consisting of Al-Cu (1,5%) was formed by the above-mentioned sputtering 
method (Fig. 15B). 

Subsequently a third interiayer insulation film 5 1 5 was formed by depositing SiON with a thickness of 6000 
A by the plasma CVD apparatus, then a second through-hole 516 was opened with the above-explained 
. 20 • method, and an Al film 517 was deposited therein by the AI-CVD method (Fig. 15C). 

Then a third wiring layer 518 was formed by the above-mentioned sputtering method (Fig. 15D). , " v . 

Finally a protective insulation film 519 was formed by an ordinary method. - - ^ 

Since Al or Al alloy is filled solely in the apertures as shown in Figs. 14 and 15, the Al wirings are completely 
free from recessed portions as encountered above the apertures in the conventional technology, and remain ..." ? 
' ■ 25. , completely flat ' ; ' " - • ' "*'] 

A logic IC of a chip size of 3.8 x 4.2 mm 2 , manufactured according to the present invention, attained a pro^ 
duction yield of 84 %, and showed no defects after a test of 100 heat cycles from -40°C to 80°C. The mask - 
; sizes used were as follows: • 
■ Contact hole: 0.8 >m square 

30 First through-hole: 0.5 ^m square ' 

Second through-hole: , 016 square. . J 

(Comparative example 1) : . . ( r , •:' 



35 A semiconductor circuit device was prepared with the aforementioned conventional process, employing: 

contact hole: 0.8 urn square 

first through-hole:. '. . 1 .4 ^m square 

' second through-hole: 2.0 urn square ' ' 

The device showed steps on the contact holes/first and second through-holes. 

40 ' Thus the chip size was 3.9 x 4.5 mm 2 , corresponding to an increase of about ,10 %, in comparison with the .y & 

' . - ■ preceding example, and the production yield was 20 - 25 %, Also in the above-mentioned heat cycle test, there * ] \f\ 
was generated a defective chip per 100 chips at the 50th cycle. (Reference example) ' 

A semiconductor circuit device was^ prepared with the above-explained selective and non-selective dep- 
ositions, employing: 1 

is contact hole: 0.8 urn square : : 

first through-hole: 1.4 um square 'Y •'- ' .r, . * . • 

second througruhole: 2.0 vim square , 
without step above the contact holes, and first and second through-holes. 

The production yield was 60 - 65 %. and the defective rate in the aforementioned heat cycle test was 1/1 00 

so after 50 cycles and 2/100 after 100 cycles. ' 

In addition, photoelectric converting devices and image processing high-speed amplifiers were prepar d 
by the method of the present invention and by the conventional process. Table 2 shows the comparison of the 
aperture rate (area percentage not covered by the wirings) of the photoelectric converting device and the res- 
ponse speed of the high-speed amplifier between the example 1 of the present invention and the comparative 

55 examples 1 and 2. > 
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Example 1 Comp. Ex, 1 Comp. Ex. 2 



Aperture rate of 

photoelectric 69 % -52 % 52 % 

converting device 

Response speed of 

image processing 80 MHz 50 MHz ' 58 MHz 

high-speed amp. 



As shown in table 2. the example of the present invention showed superior results to those of the comparative 
is examples 1. 2 obtained by the conventional process. 

(Example 2) 

In the following there will be explained, with reference to Fig. 16, the wiring in case of forming an integrated 
20 circuit by connecting functional semiconductor elements such as MOSFET, bipolar transistor, resistor, capaci- 
tor etc. 

Fig. 16 shows, in schematic cross-sectional views, the method of forming two-layered metal wirings for a 
semiconductor integrated circuit according to the present example. 

At first prepared was a semiconductor substrate 601 consisting of monocrystalline silicon and bearing semi- 
,25 conductor functional elements such as transistors on the main surface thereof. 

On said elements there were formed an upper BPSG layer and a thermally oxidized interlayer insulation 
film 602 constituting a lower layer, and a contact hole CH was opened through said insulation film 602. 

In said contact hole, Ai-Si 603 was selectively deposited as a first conductive material by the Ai-GVD 
method, up to a level substantially same as the surface of the ihteriayer insulation film 602 (Fig. 16A). 
30 The selective deposition was conducted under the following conditions: 

DMAH partial pressure: .'■ 5 x IG^Torr 
H 2 partial pressure: 1.5 Tort 

Substrate temperature: 270°C 
Si 2 H ? partial pressure: 2x10- fl Torr 
35 ' The Al-Si obtained under these conditions filled the contact hole completely, and showed satisfactory film 
quality without carbon or oxygen content and with a resistivity of 3.0 - 3. 1 uTicm. Also the selectivity was satis- 
factory as no deposition was recognized on the interlayer insulation film 602. 
... Subsequently N-type polycry stall ine silicon 604 was deposited with a thickness of 450 A as a second con* 
ductive material, over the entire surface of the substrate, by a low pressure CVD method utilizing SiH 4 and PH 3 . 
40 Said polycrystaliine silicon was partially eliminated, except for the electrode and wiring areas, by reactive 

ion etching (RIE) in an atmosphere of CCI 2 F 2 + N 2 utilizing a conventional photolithographic process, thereby 
forming a lower layer of the first wiring layer. Subsequently Al-Cu 605 was deposited, as a third conductive 
material, solely on said N-type polycrystaliine Si by means of the Al-CVD method under the conditions: 
DMAH partial pressure: 5 x 10- 3 Torr 
45 H 2 partial pressure: 1.5 Torr 

";■ Substrate temperature: 270°C 

Cu(C 2 H 7 0 2 ) 2 : . 5 x 10^ torr. 

• . Under these conditions, an Al-Cu film (Cu content: 1 .5%) was deposited solely on the remaining polycrys- 
taliine Si with complete selectivity, thereby completing the first wirings (Fig. 16B). 

so There were subsequently conducted deposition of SiON with a thickness of 5000 A by plasma CVD on the 

substrate surface, SOG coating over the entire surface for planarization, thermal treatment at 420°C in N 2 
atmosphere, deposition of PS G with a thickness of 3000 A as a second interlayer insulation film 606 by normal 
pressure CVD, and formation of a through-hole TH in a desired position (Fig. 16C). 

Then Al-Cu (Cu content: 1.5%) was deposited solely in said through-hole by said Al-CVD method, up to a. 

55 level substantially equal to the surface of the second interlayer insulation film 606, thereby obtaining an Ai-Cu 
film 607 (Fig. 16D). 

On said substrate Cu was deposited with a thickness of 2000 A by sputtering, under the conditions: 
DC power 7 kW 
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substrate temperature: 200°C 

Ar partial pressure: 2x10^ Torr. 

The obtained Cu film 608 was partiafly eliminated by a photolithographic process to obtain a lower layer 
of second wirings. 

5 Then Al-Cu (Cu content: 1 .5%) was deposited with a thickness of 500 A solely on the Cu film 608 by m ans 

of the AI-CVD method, thereby completing the second wirings (Fig. 16E). 
The multi-layered wiring structure was thus completed. 

As detailedly explained in the foregoing, the^ present example can form wirings on the semiconductive, con- 
ductive and insulating surfaces with a simple process, utilizing the advantage of the AI-CVD method capable 
w of forming a metal film of satisfactory quality with excellent selectivity. Said wiring has a low resistance because 
of the excellent crystallinity, and Is extremely suitable for semiconductor devices designed and integrated with 
a submicron rule, because of the excellent antimigration resistance. 

Also the reduced frequency of recesses above the apertures improves not only the yield and durability of 
the wirings but also the coverage of the insulation layer, thereby increasing the yield and durability of theJnsu- 
I5 t lation layer and eventually the production yield and durability of the devices themselves. . 

(Example 3) 

The process of the example 2 was reproduced, except that A! deposition was conducted without Cu-con- 
20 taining gas, in contrast to the example 2 in which Al-Cu was deposited by the AI-CVD method. ' 

The Al film in this example was monocrystalline at least in the contact hole, showing extremely good wiring 
characteristics. 

(Example 4) . • 

This example employs a Him forming method utilizing light, for forming the lower layer of the wiring layer. 
Fig. 17 schematically illustrates a film forming apparatus adapted for use in the present example. 
A reaction chamber 701 is provided, as the top thereof, with a window 702 transmitting the laser beam. 
Surface of a substrate 708 can be scanned with a laser beam coming from a light source 703, deflected by a 
30 polygon mirror 709 and transmitted by said window 702^ 

Said chamber 701 is provided with a gas supply pipe 705 for introducing the raw material gas and reaction 
gas, and can be evacuated by. a vacuum device 706. . 

There are also provided a movable stage 707, a heater 710 for preliminary heating of the substrate, and . 
a gate valve 704 for introducing the substrate. 
35 The wirings can be formed with said apparatus, according to the following procedure. 

A semiconductor substrate bearing an insulation film thereon with contact holes therein is subjected to 
selective Al deposition in said contact hole by the AI-CVD method. 

Then, in the film forming apparatus shown in Fig. 17. the laser beam scanning is conducted according to 
the pattern of the electrodes to be formed, in WF 8 atmosphere. The areas irradiated with the laser beam are 
heated, thus inducing W deposition. Then the atmosphere in the chamber is replaced by a mixture of DMAH 
gas and hydrogen gas, and the wirings are obtained by depositing Al by the AI-CVD method, on the tungsten 
deposited according to the wiring patterns. 

Thus the present example can provide the wirings without the photolithographic process. 
The specific conditions of this example are as follows. 

The chamber 701 was supplied with WF e at 30 cc/min.', SiH 4 at 8 cc/min.. and H 2 at 1000 cc/min. with a 
total pressure of 10- 3 Torr. The areas for forming wirings on the substrate 708 were irradiated by a laser beam 
71 1, coming from the light source 703 and deflected by the polygon mirror 709, thus being locally heated. Tung- 
sten was deposited with a thickness of 1000 - 1 500 A in thus locally heated areas. Then the chamber 701 N was 
evacuated to 10-® Torr. and supplied with DMAH gas. obtained by bubbling, and H 2 gas through the gas supply 
line 705, and the substrate was heated to 270°C by the heater 710: Aluminum could be deposited on the pre- , 
viously deposited tungsten. In this manner the present example could provide metal wirings of a low resistance 
on the substrate, without relying on the photolithographic process. 

As explained in the foregoing, the present invention is capable of increasing the density of wirings in the 
upper layers and decreasing the parasite capacitances in such wirings, thereby significandy improving the 
characteristics of the semiconductor circuit devices and the production yield thereof, in comparison with the \ 
' conventional technologies. ' 

In addition, the present invention can form the second wirings in self-aligning manner without a patterning 
process by etching, thus providing uniform profiles by a simple process. 
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Claims 

I. A semiconductor circuit device provided with a first wiring layer connected to a semiconductor substrate 
through a contact hole in an insulation film formed on a main surface of said semiconductor substrate, 

5 and a second wiring layer connected to said first wiring layer through a through-hole in an interiayer insu- 

lation film formed on said first wiring layer, wh rein: 

said first wiring is substantially flat on said contact hole, and the area of said thro 
than that of said contact hole. 

10 . 2. A semiconductor circuit device provided with a first wiring layer connected to a semiconductor substrate 
' through a contact hole in an insulation film formed on a main surface of said semiconductor substrate, a 
second wiring layer connected to said first wiring layer through a first through-hole in a first interiayer insu- 
1 , lation film formed on said first wiring layer, and a third wiring layer connected to said second wiring layer 
through a second through-hole in a second interiayer insulation film formed on said second wiring layer, 
15 wherein: 

said first wiring is substantially flat on said contact hole, and the area of said first through-hole is 
smaller than that of said contat hole. S 

3. A semiconductor circuit device according to claim 2, wherein the area of said second through-hole is equal 
20 to that of said first through-hole. 

4. A semiconductor circuit device according to claim 2, wherein the area of said second through-hole is smal- 
ler than that of said first through-hole. 

25 5. A semiconductor circuit device according to claim 2, wherein the area of said second through-hole is larger 
than that of said first through-hole, and is not larger than that of said contact hole. 

6. A semiconductor circuit device according to claim 2, 3, 4 or 5, wherein said contact hole and said through- 
hole, are formed in mutually overlapping manner. 

30 

V...7. A semiconductor circuit device according to claim 2, 3, 4 or 5, wherein said contact hole and said through- 
hole are formed in separate positions which are not mutually overlapping. 

8. A semiconductor circuit device provided with a first wiring layer connected to a semiconductor substrate 
35 through a contact hole in an insulation film formed on a main surface of said semiconductor substrate, 

and a second wiring layer connected to said first wiring layer through a through-hole in an interiayer insu- 
lation film formed on said first wiring layer, Wherein; 

said first wiring is substantially flat on said contact hole. 

40 9, A method for producting a semiconductor circuit device provided with a first wiring layer connected to a 
' ^semiconductor substrate through a contact hole in an insulation film formed on a main surface of said semi- 
conductor substrate, and a second wiring layer connected with said first wiring layer through a through-hole 
: in an interiayer insulation film formed oh said first wiring layer comprising: 

after the formation of said contact hole in said insulation film, selectively depositing a conductive 
45 material in said contact hole, then depositing a conductive material on said contact hole and on said insu- 

lation film, arid effecting a patterning thereby forming said first wiring layer. 

10. A method according to claim 9, wherein said step of depositing the conductive material in said contact 
hole is conducted by a CVD method utilizing alkylalummum hydride gas and hydrogen gas. 
50 '-. : ■ - . 

II. A method for producing a wiring, connecting to an underlying surface through an aperture formed in an 

: insulation layer, for a semiconductor circuit, comprising: '< 
a first step for selectively depositing a first conductive material in said aperture; 
a second step for forming a first wiring portion consisting of a second conductive material on said 
55 insulation layer and on said first conductive material; and 

..... a third step for depositing selectively a third conductive material on said first wiring portion.. 

12. A method according to claim 1 1 , wherein said first and second conductive materials are principally com- ■: 

. 16 
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posed of atoms of a same element. 



13. A method according to claim 11, wherein said first and.third conductive materials are principally composed 
of atoms of a same element. 

14. A method according to claim 11, wherein said second and third conductive materials are principally com-. . 
posed of atoms of a same element. 

15. A method according to claim 11. wherein said first and second steps comprise deposition steps by a CVD 
w method utilizing at least alkylaiuminum hydride gas and hydrogen. 

16. A method according to claim 1 1 , wherein a multi-layered wiring structure is obtained by repeating said first, 
second and third steps by plural times. 

is . : ' .' • • " ■ . • . • • ' ■ ' ■■' • .' *- ■■ . . • ; ; . ;' : "• 
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FIG. 7 
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FIG. 10A 
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(5?) This invention discloses a semiconductor cir- 
cuit device with improved characteristics and 
improved level of integration, and a manufac- 
turing method, for such device. The semicon- 
ductor circuit device is provided with a first 
wiring layer (103) connected to a semiconduc- 
tor substrate (101) through a contact hole (CH) 
in an insulation film (201) formed on a main 
surface of the semiconductor substrate (101). 
and a second wiring layer (105) connected with; 
the first wiring layer (103) through a through- 
hole (TH1) in an interiayer insulation film (203) 
formed on the first wiring layer (103), wherein 
the first wiring is substantially flat on the con- 
tact hole (CH) and the area of the through-hole 
(TH1) is smaller than that of the contact hole 
! '" (CH). v 
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